The present study investigated the relationships among event-related potentials (ERPs), memory, and schizophrenic symptoms in college students with schizotypal-traits. Scores on the Schizotypal Personality Questionnaire (SPQ) were used to categorize the participants into schizotypal-trait (n = 30) and normal control (n = 37) groups. ERPs were assessed using an auditory oddball paradigm, in which a series of standard tones (1000 Hz) and target tones (1500 Hz) were presented; participants were asked to count the number of presented target tones. The verbal memory and visual memory of the participants were evaluated using the Korean version of the California Verbal Learning Test (K-CVLT) and the Rey-Osterrieth Complex Figure Test (RCFT) , respectively. The schizotypal-trait and control groups did not differ in terms of age, educational level, IQ score, accuracy on the auditory oddball task, or performance on the K-CVLT and RCFT measures. However, the schizotypal-trait group exhibited significantly smaller P300 amplitudes than the control group. Additionally, the P300 amplitudes measured at Cz and Pz were negatively correlated with the cognitive-perceptual factor scores on the SPQ. Thus, the present results indicate that reduced P300 amplitudes may represent a biological marker of schizophrenia.
Introduction
Event-related potentials (ERPs) are widely used to investigate the neurophysiological mechanisms underlying various cognitive functions. ERPs are composed of positive and negative peaks and represent electrical activities that are time-locked to events [1] . Due to the excellent temporal resolution inherent in this technique, ERPs have been effectively used to study cognitive functions that are comprised of series of processes [2] .
Although a variety of experimental designs using ERPs have been used, the oddball paradigm is among those most frequently employed. This paradigm involves the presentation of series of standard and target stimuli and the participant is required to attend to the target stimuli, which are rarely presented, amid the standard stimuli, which are presented frequently. ERP studies using the oddball paradigm consistently find that compared to standard stimuli target stimuli elicit larger amplitudes of the P300 component, which is a positive peak observed approximately 250 -450 ms after stimulus-onset [3] [4] . P300 is known to reflect memory updating [3] or the allocation of attentional resources [5] .
Since Sutton, Braren, Zubin and John [4] reported that P300 could be used as an index of information processing, a number of studies have attempted to understand the cognitive characteristics of patients with schizophrenia using this ERP component [6] - [9] . For example, P300 amplitude is consistently attenuated in patients with schizophrenia compared to normal controls [10] - [12] and reductions in P300 amplitude have been observed in first-episode patients [13] [14] and the healthy family members of patients [15] . These findings suggest that reduced P300 amplitudes are independent of the chronicity of the illness and antipsychotic medications and could serve as a biological marker of schizophrenia [6] .
However, the clinical implications of reduced P300 amplitudes in patients with schizophrenia remain poorly understood [16] [17] . An examination of the relationship between P300 abnormalities and neuropsychological performance may contribute to a better understanding of the clinical significance associated with reduced P300 amplitudes. Patients with schizophrenia exhibit significant negative associations between P300 amplitudes and performance on the verbal paired-association [16] and visual memory [17] tests of the Wechsler Memory Scale. Additionally, P300 amplitudes and verbal memory performance on the Luria-Nebraska Verbal Learning Test are negatively correlated [12] .
A few studies have investigated the relationship between P300 abnormalities and schizophrenic symptoms, and have yielded relatively inconsistent results. P300 amplitudes and the negative symptoms of schizophrenia, including social withdrawal and blunted affect, are negatively correlated [18] [19] , but negative associations have also been observed between P300 amplitudes and the positive symptoms of schizophrenia, such as hallucinations and delusions [20] [21] .
Abnormalities in other ERP peaks, such as N100 and N250, are also present in patients with schizophrenia. The amplitudes of the N100 [22] and N250 [23] peaks, which index selective attention and the classification/ categorization of stimuli, respectively, exhibit reductions in patients with schizophrenia.
Schizophrenia is a severe mental disorder that often takes a chronic course, and the progress of the patient deteriorates the longer the symptoms remain untreated. Therefore, the identification and treatment of schizophrenic patients in the early stages of the disease are of great importance [24] . Furthermore, recently there has been increased interest in identification of individuals who are at a high-risk for schizophrenia because patients with schizophrenia tend to experience disorder-related symptoms and cognitive difficulties prior to being diagnosed [25] . Traditionally, the healthy family members of a schizophrenic patient have been regarded as having a highgenetic risk for schizophrenia but recent investigations of patients with schizotypal personality disorder (SPD) and non-clinical individuals with schizotypal-traits have attempted to reveal the biological markers of schizophrenia [23] [26]- [28] . Indeed, SPD and schizophrenia share common abnormal genetic [29] , neuroimaging [30] , and neuropsychological [31] [32] markers. Additionally, reduced P300 amplitudes are observed in patients with SPD [33] and college students with schizotypal-traits [34] [35] .
Thus, the present study investigated whether college students with psychometrically defined schizotypal-traits exhibit ERP abnormalities, particularly reduced P300 amplitudes. Furthermore, if P300 amplitudes were reduced, the relationships of this abnormality with memory function and schizophrenic symptoms were assessed. The findings of the present study further characterize the nature of P300 amplitudes and determine whether they can serve as a biological marker of schizo-spectrum disorders, including schizophrenia.
Methods

Participants
The present study included 67 college students who were recruited from a pool of 800 students based on scores on the Korean version of the Schizotypal Personality Questionnaire (SPQ, [36] ). Students in the top of 5% of the SPQ scores were included in the schizotypal-trait group (n = 30; 14 males and 16 females) while the control group (n = 37; 18 males and 19 females) was comprised of students with average scores (±1 SD) on the SPQ [31] [36]. The Structured Clinical Interview for DSM-IV, non-patient version (SCID-NP, [37] ) was administered to ensure that the participants did not have a history of psychiatric, medical or neurological disorders or drug/alcohol abuse. All patients were right-handed and none were taking medication at the time of testing. The participants were paid for their participation, and provided written informed consent after receiving a complete description of the study. The study was approved by the Sungshin Women's University Institutional Bioethics Review Board.
Electrophysiological Recording and the Auditory Oddball Task
Electroencephalographic (EEG) activity was recorded using a Net Amp 300 amplifier (Electrical Geodesics, Eugene, OR, USA) and an auditory oddball paradigm in an electrically shielded and sound-proofed experimental room. A total of 200 stimuli were presented during the oddball task: 160 standard stimuli (1000 Hz, 80-dB sound pressure level [SPL] ) and 40 target stimuli (1500 Hz, 80-dB SPL). All stimuli were presented for a duration of 40 ms with 10 ms rise/fall times, and with an inter-stimulus interval of 1500 ms. Participants were required to count the number of target stimuli presented, and report this at the end of the experiment.
A total of 64 sites were recorded using a 64-channel HydroCel Geodesic Sensor net (Electrical Geodesics, Eugene, OR, USA) with all electrodes referenced to Cz, and adjusted until the impedance was less than 50 kΩ [38] . Eye movements and blinks were monitored by electrodes placed beneath and near the outer canthus of the left eye. EEG activity was continuously recorded throughout the experiment using a 0.1 -100 Hz analog bandpass with a sampling rate of 250 Hz. Following data collection, the EEG data were segmented into 1000 ms epochs (including a 100 ms pre-stimulus baseline). Epochs contaminated by artifacts such as eye blinks and eye movements were rejected prior to the averaging (the threshold for artifact rejection was ±peak-to-peak amplitude of 70 μV). All data associated with the standard and target stimuli were averaged separately with an average-reference transformation and the ERPs were digitally low-pass filtered at 30 Hz. The EEG data associated with correct responses were subjected to statistical analysis.
Mean correct responses on the oddball task were 39.49 (SD = 1.07) and 39.13 (SD = 1.89) for the schizotypal-trait and control groups, respectively. The mean number of trials included in the final statistical analysis for the schizotypal-trait and control groups were 22.53 (SD = 8.01) and 23.78 (SD = 7.94), respectively. The two groups did not differ in terms of accuracy (t(65) = 0.96, ns) or the number of trials included in the analysis (t(65) = 0.64, ns).
Verbal and Visual Memory Tests
The Korean version of the California Verbal Learning Test (K-CVLT) was administered to measure verbal memory [39] . The K-CVLT consists of five free-recall trials of List A, a free-recall trial of List B, and free-recall and cued-recall trials of List A (short-term free recall and cued recall of List A). Then, after a 20-minute delay, free-recall, cued-recall, and recognition tests of List A (long-term free-recall, cued-recall and recognition tests of List A) are administered. The total number of responses to the five trials for List A, the numbers of short-term and long-term free-recall responses for List A, and the recognition percentage of List A were included in the analysis.
The Rey-Osterrieth Complex Figure Test (RCFT) was administered to evaluate nonverbal memory [40] . The RCFT involves three conditions; copying, immediate recall and delayed recall, which are followed by recognition trials. Response times and accuracy were scored for each condition based on the system developed by Meyers and Meyers [41] . The Korean-Wechsler Adult Intelligence Scale (K-WAIS; [42] ) was administered to measure IQ.
Clinical Assessment
The Schizotypal Personality Questionnaire (SPQ) is a 74-item self-administered questionnaire with a "yes/no" response format [36] ; the Korean version of the SPQ [43] was used in the present study. All items answered "yes" are scored as 1 and higher scores indicate greater schizotypy. The SPQ consists of nine subscales that load onto three factors: cognitive-perceptual (ideas of reference, odd beliefs/magical thinking, unusual perceptual experiences, and suspiciousness/paranoid ideations), interpersonal experiences (social anxiety, no close friends, constricted affect, and suspiciousness), and disorganization (eccentric/odd behavior and odd speech). The cognitive-perceptual, interpersonal experiences, and disorganization factors measured by the SPQ reflect the positive, negative, and disorganized symptoms of schizophrenia, respectively [44] [45].
Statistical Analysis
The time widows of N100, P200, N250 and P300 were determined following a visual inspection of the grandaveraged and individual ERP waveforms (see Figure 1) . N100 was defined as the most negative peak observed between 100 and 160 ms after stimulus-onset and P200 was defined as the most positive peak observed between 180 and 240 ms after stimulus-onset. N250 was defined as the most negative peak observed between 250 and 350 ms after stimulus-onset and P300 was defined as the most positive peak observed between 350 and 450 ms after stimulus-onset. All four peaks were observed at Fz and Cz while only N100 and P300 were observed at Pz.
The amplitudes and latencies of the peaks were analyzed with a mixed-design repeated measures analysis of variance ANOVA using electrode site as a within-subject factor (Fz, Cz, and Pz for the analysis of N100 and P300 and Fz and Cz for the analysis of P200 and N250) and group (schizotypal-trait and control groups) as a between-subject factor. Greenhouse-Geisser corrections for violations of sphericity were used when appropriate, and the corrected p values are reported. Variables showing significant main effects were further analyzed by post hoc comparisons with a one-way ANOVA. Performances on the K-CVLT and RCFT were analyzed with an ANOVA and the associations among ERP peak amplitudes, performances on the K-CVLT and RCFT measures, and the three factors of the SPQ were examined using Pearson product-moment correlations. The demo- graphic characteristics of the participants were analyzed by means of independent t-tests.
Results
Demographic Characteristics
The demographic characteristics and SPQ scores of the schizotypal-trait and control groups are described in Table 1. The two groups did not differ in terms of mean age (t(65) = 0.29, ns), years of education (t(65) = 0.57, ns), or total IQ (t(65) = −0.39, ns). However, the SPQ scores of the two groups differed significantly (t(65) = −24.74, p < 0.001) such that the schizotypal-trait group obtained higher scores on the SPQ compared to the control group. Figure 1(a) displays the grand-averages of the ERPs elicited by target stimuli at Fz, Cz, and Pzand depicts the topographical distribution of electrical activity measured at all 64 sites at the time of the generation of P300 Figure 1(b) .
Electrophysiological Measurement
N100
Analysis of the amplitude of N100 revealed a main effect of electrode site (F(2,130) = 89.79, p < 0.001) with the largest amplitude at Fz (−7.06 μV), followed by Cz (−6.22 μV), and finally Pz (−3.11 μV). The schizotypal-trait and control groups did not differ in terms of N100 amplitude (F(1,65) = 0.30, ns) and there were no significant main effects of group or electrode site or interaction effects of group by electrode site in terms of N100 latency.
P200
A main effect of electrode site was observed for P200 (F(1,65) = 75.87, p < 0.001) such that the amplitude elicited at Cz (8.87 μV) was significantly larger than the amplitude elicited at Fz (5.95 μV). However, the two groups did not differ in terms of P200 amplitude (F(1,65) = 0.66, ns), and there were no significant main effects of group or electrode site or interaction effects of group by electrode site in terms of P200 latency.
N250
A main effect of electrode site was observed for N250 (F(1,65) = 73.87, p < 0.001) such that the amplitude elicited at Fz (−4.91 μV) was significantly larger than the amplitude elicited at Cz (0.45 μV). However, the two groups did not differ in terms of the amplitude of N250 (F(1,65) = 0.03, ns), and there were no significant main effects of group or electrode site or interaction effects of group by electrode site in terms of N250 latency.
P300
There were main effects of group (F(1,65) = 28.52, p < 0.001) and electrode site (F(2,130) = 128.87, p < 0.001) F(2,130) = 0.07, ns)in terms of P300 latency. The mean amplitudes and latencies for all four ERP peaks in the schizotypal-trait and control groups are presented in Table 2 . Table 3 shows the results of the K-CVLT and RCFT measures for the schizotypal-trait and control groups. Regarding the K-CVLT, the two groups did not differ in terms of the total number of responses during the five tri- als using List A, the number of short-term and long-term free-recall responses for List A, or the recognition percentage for List A. Additionally, the two groups did not differ with respect to reaction time or accuracy on the copy, immediate recall, delayed recall, and recognition tests of the RCFT. Therefore, the associations between P300 amplitude and performances on the verbal/nonverbal memory tests were not analyzed further.
Performance on the Verbal and Visual Memory Tests
Correlations between the Amplitude of P300 and Scores on the SPQ
There were significant negative correlations between the cognitive-perceptual score on the SPQ and the P300 amplitudes measured at Cz (r65 = −4.0, p < 0.05) and Pz (r65 = −0.43, p < 0.05) in the schizotypal-trait group but not the control group.
Discussion
The present study investigated whether college students with psychometrically defined schizotypal-traits exhibited reduced P300 amplitudes and, if so, the manner in which the reduced amplitudes were related to schizophrenic symptoms and performance on memory tests. Compared to the control group, the schizotypal-trait group exhibited significantly smaller P300 amplitudes, which is consistent with previous studies investigating schizophrenia patients [12] [46], SPD patients [33] , and college students with schizotypal-traits [34] [35] . The characteristics of the P300 component are determined by a wide range of psychological and neuroanatomical factors [47] . The most important psychological factors that influence P300 are motivation and sustained attention. Instructions that are designed to motivate participants increase P300 amplitudes [48] , and there is a negative correlation between performance on attentional tests and P300 amplitudes in healthy controls [49] . Moreover, children with attention deficit/hyperactivity disorder exhibit reduced P300 amplitudes [50] . Attentional impairment and a lack of motivation, which are frequently present in patients with schizophrenia, may contribute to reductions of the P300 amplitude [47] . However, in the present study, the reduced P300 amplitudes that were observed in individuals with schizotypal-traits do not seem to be the result of lowered motivation or attention difficulties. The oddball task administered in the present study required the participants to count the number of targets in series of stimuli and successful performance on this task demands the maintenance of one's attention. The schizotypal-trait and control groups did not differ in terms of performance on the oddball task. Additionally, the amplitudes and latencies of N100, an index of selective attention [22] , did not differ between the two groups. These findings indicate that both groups were cooperative and attentive to the task.
The medial temporal lobe, parietal lobe, and prefrontal cortex are known as generators of the P300 and, thus, the reduced P300 amplitudes observed in patients with schizophrenia are likely related to structural abnormalities in these areas. For example, patients with schizophrenia exhibit reductions in gray matter volume in the frontal and temporoparietal areas [51] and an association between reduced P300 amplitudes and reduced volumes of the left superior temporal gyrus [52] and parietal areas [53] has been reported. Negative correlations have also been observed between P300 amplitudes and performance on verbal memory tests [12] [16] . However, in the present study, the schizotypal-trait and control groups did not differ in terms of performance on the verbal and nonverbal memory tests. Discrepancies among the findings of studies may be related to the characteristics of the participants. For example, Chang et al. [18] did not find a significant correlation between P300 amplitudes and verbal memory performance in first-episode drug-naive patients with schizophrenia, and a functional magnetic resonance (fRMI) study reported that reductions in the volume of the superior temporal gyrus worsen as schizophrenia progresses [54] .
The present study identified a significant negative correlation between P300 amplitudes and the cognitiveperceptual score on the SPQ. In other words, as the symptoms within the cognitive-perceptual factor (ideas of reference, odd beliefs/magical thinking, unusual perceptual experiences, and suspiciousness/paranoid ideations) became more severe, there was a greater reduction of P300 amplitudes. This finding is consistent with previous report of a significant negative correlation between P300 amplitudes and positive symptoms in patients with schizophrenia [20] [21] . Although the relationship between P300 amplitudes and the positive symptoms of schizophrenia is not yet fully understood, these features seem to interfere with the allocation of attention that is required for P300 generation [5] [21] . However, previous studies investigating the relationship between P300 amplitudes and schizophrenic symptoms have yielded inconsistent results. Some studies report a negative association between P300 amplitudes and negative symptoms [19] , while others suggest that P300 amplitudes increase as schizophrenic symptoms are relieved [21] [55] , and still others report that the alleviation of symptoms does not influence P300 amplitudes [56] . Therefore, further study is needed to better understand the relationships between P300 amplitudes and schizophrenic symptoms.
The schizotypal-trait and control groups in the present study did not differ in terms of amplitude or latency for the N100, P200, and N250 peaks. N100, P200, and N250 reflect selective attention [22] , sensory encoding [57] , and the classification/categorization of stimuli [58] , respectively. Therefore, the present findings indicate that individuals with schizotypal-traits maintain the cognitive abilities required for the early stages of information processing.
The present study has several limitations that should be considered in future studies. First, the present study investigated the relationship between P300 amplitudes and performance on verbal/nonverbal memory tasks. Because various cortical areas, including the prefrontal cortex, are considered to be P300 generators, an investigation of the relationships between P300 amplitudes and various cognitive functions would provide more comprehensive information regarding the relationships among these factors. Second, this study analyzed only the amplitudes and latencies of ERP peaks. Future studies of the cortical generators of P300 using source localization or the functional connectivity networks of P300 [59] would provide valuable information regarding the structural/functional abnormalities associated with reduced P300 amplitudes. Finally, the inclusion of only a small number of participants limits the generalizability of the findings.
Conclusion
In summary, individuals with schizotypal-traits exhibited significantly smaller P300 amplitudes relative to controls, and the P300 amplitudes measured at Cz and Pz were negatively correlated with the cognitive-perceptual score on the SPQ. These findings indicate that reduced P300 amplitudes could serve as a biological marker for, or risk factor of schizophrenia.
